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Methods
A school-level cluster randomized controlled trial was conducted among 7th and 8th grade students (N ¼ 2343) in four junior high schools in southern China during 2004-06. The theory-based, multi-level intervention was compared with the standard health curriculum. Outcome measures comprised changes in students' smoking-related knowledge, attitudes and behaviour.
Results
The mean knowledge scores from baseline to the 1-and 2-year follow-ups increased more in the intervention group than in the control group, whereas there was little change in attitude scores. At the 1-year follow-up (the total sample), the interventions reduced the probability of baseline experimental smokers' escalating to regular smoker [7.9 vs 18.3%; adjusted odds ratio (OR) 0.34, 95% confidence interval (CI) 0.12-0.97, P ¼ 0.043], but did not reduce the probability of baseline non-smokers' initiating smoking (7.9 vs 10.6%; adjusted OR 0.86, 95% CI 0.54-1.38, P ¼ 0.538). At the 2-year follow-up (only 7th grade students), similar proportions of baseline non-smokers initiated smoking in the intervention group and the control group (13.5 vs 13.1%), while a possibly lower proportion of baseline experimental smokers escalated to regular smoking in the intervention group than the control group (22.6 vs 40.0%; adjusted OR 0.43, 95% CI 0.12-1.57, P ¼ 0.199).
Introduction Adolescent smoking in China
Tobacco use is one of the greatest threats to public health in China. [1] [2] [3] In 1998, the lifetime prevalence of smoking (ever taking a puff) among Chinese adolescents aged 11-20 years was 47.8% for males and 12.8% for females, and the corresponding prevalence of regular smoking (smoking weekly for 53 months) was 9.4 and 0.6% for males and females, respectively. 4 While the prevalence of current smoking (past 30 days) among Chinese adults aged 525 declined slightly from 1996 to 2002, it increased among 15-to 19-year-olds from 9 to 11% (from 18 to 21% among males and from 0.2 to 0.8% among females) during the same period. 5, 6 Most Chinese smokers initiate smoking during adolescence, and the mean age of smoking initiation is decreasing. 5, 7, 8 These findings highlight the urgency of preventing smoking among Chinese adolescents.
School-based adolescent smoking prevention
A large body of evidence shows that schools serve as ideal settings for preventing smoking among adolescents. 9, 10 Schools provide an efficient means of reaching large numbers of adolescents, facilitating participation and maximizing the potential cost-effectiveness of preventive interventions. The effects of school-based programmes have been summarized in several systematic reviews published in English. 9, 11 However, these reviews provide limited guidance for developing smoking prevention programmes for Chinese adolescents, as only a few well-designed school-based programmes from China have been published in English [12] [13] [14] and none of them was included in these reviews. A review of 32 school-based prevention programmes published in Chinese journals from 1989 to 2004 15 concluded that these programmes succeeded in reducing the prevalence of adolescent smoking behaviour (current smoking) by 50% on average compared with the control groups. But particular caution is needed for interpreting this pooled estimation, as many studies suffered from serious methodological shortcomings, including lack of random assignment of interventions, nonequivalent control groups, small sample size, poor outcome measures (e.g. differential definitions of smoking behaviours), incomplete evaluation (e.g. no process evaluation), short-term follow-up, high attrition and problematic statistical analysis (e.g. failure to account for clustering effects; no or insufficient adjustment for confounders). In addition, most interventions had no clear theoretical basis for development and implementation. Thus, there is an urgent need (particularly in the English-language scientific literature) for more theory-driven and well-designed randomized controlled trials on preventing adolescent smoking in Chinese schools.
Theoretical framework
The socio-ecological framework of health promotion posits that public health interventions implemented within and across multiple levels (individual, family, organization, community and population/policy) can have a greater impact than interventions focusing only on one level. 16, 17 More practical research is needed to improve the integration of the socioecological framework in adolescent smoking. [18] [19] [20] To create an intervention for adolescent smoking prevention, the current study used the socio-ecological framework along with the PRECEDE-PROCEED model, a robust planning framework in health promotion that relies on active participation of the target audience and the important role of environmental factors. 21 In a study conducted in Canada, 22 the PRECEDE-PROCEED model was successfully used to design school-based interventions to reduce substance use among adolescents. But, to our knowledge, neither the socio-ecological framework nor the PRECEDE-PROCEED model has been applied to adolescent smoking prevention in Mainland China. The current study, guided by these two theoretical models, investigated the effects of a smoking prevention programme in four Chinese junior high schools in 2004-06. In addition to individual-level factors, the intervention focused on school and family environments, since they are important contextual factors for adolescent smoking initiation and escalation. 19, 23 This article evaluates the efficacy of this intervention on students' smoking-related knowledge, attitudes and behaviour over a 2-year period.
Methods Design
This school-level cluster randomized controlled trial aimed to reduce the prevalence of adolescent cigarette smoking at school level as well as prevent the initiation and escalation of smoking at individual level. The design is consistent with most prior research on school-based interventions, 11 in which interventions are randomized at the school or class level instead of individual level, in order to avoid contamination among students within the same school or class. The current study was conducted from 2004 to 2006 in Huangpu District, which is located at the eastern suburb of Guangzhou, the capital of Guangdong Province of South China. Figure 1 shows the study design. All 18 junior high schools in this district were screened for eligibility and 12 schools met the criteria (more than 100 students for each of 7th and 8th grade; 480% of students remaining in the same school until 9th grade). The 12 eligible schools were then matched based on school type (public, private, factory-sponsored), school size (ratio of the number of students less than 2:1) and the prevalence of student smoking (difference in ever smoking 45%).
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Invitation letters were sent to the eight principals of four matched pairs of eligible schools (two pairs of public, one pair of private and one pair of factory-sponsored), requesting their participation in this programme. The four principals of two matched pairs of schools (one pair of public and one pair of Figure 1 The study design and subject flow chart private) were willing to participate. Within each pair, one school was randomly assigned as the control group and the other as the intervention group. The randomization was performed using a random number generation method by a statistician who was uninvolved in this study and also blinded to school names. Hence, the control group and the intervention group each included two schools (one public and one private). Because of the nature of this study, only students, neither research assistants nor school administrators, were blind to intervention allocation. The distances between the two control schools and between the two intervention schools were 4.8 and 1.4 km, respectively. The distances between control and intervention schools were 10.3, 11.7, 15.0 and 16.4 km, respectively, with the mean being 13.4 km. In each school, 7th grade students served as Cohort I, and 8th grade students served as Cohort II. All research procedures were reviewed and approved by the Institutional Review Board of Sun Yat-sen University.
Participants
In September of 2004, all eligible 7th and 8th grade students (present at the enrolment day; either non-smoking or smoking) in the four junior high schools were invited to participate in this study. Informed consent letters with details about the study purpose, importance, eligibility of participants and ethical issues, were sent to students and their parents. Parents mailed back a signed refusal letter if they did not want their child to participate. Each participating student was assigned a unique ID number for tracking purposes.
Interventions
The development and implementation of intervention components were based on the socio-ecological framework 16, 18 and the PRECEDE-PROCEED model. 21 There were five different levels of interventions: individual, group (peer and family), school, community and population. Specific intervention components at each level are summarized below; collectively, they were designed to address important personal and environmental determinants of adolescent smoking including: students' smoking-related knowledge, attitudes, abstinence self-efficacy and refusal skills; cigarette availability; school smoking policy; and social support of adolescent smoking. 8, 19, [25] [26] [27] [28] The active participation of students and their parents, school administrators and teachers was strongly emphasized during the intervention. In addition, an intervention mapping approach 29 was used to design the intervention in a logical, step-wise fashion to ensure that the final materials and activities had clearly specified A preliminary list of intervention activities was generated by a panel of health education experts, after a critical review of Chinese and English literature and behavioural models, such as the health belief model, social cognitive theory, social influence theory and the environment and skill model. [30] [31] [32] This list was revised after in-depth interviews with school administrators and nurses, and focus group discussions with smoking students. The specific format and content of intervention activities were tailored somewhat for each school, according to class size, non-academic time, available resources and students' interest. All intervention activities can be classified into four stages, according to the timeline. The main interventions and corresponding level in the framework were introduced as follows. See Figure 2 for an overview of the intervention. Organization and policy (school level). In each intervention school (Schools B and D), a smoking prevention committee was established, which consisted of the school principal, school nurses, the chief director of each grade and a research assistant. The smoking prevention committee reviewed and revised existing school smoking prevention policies. Two key components in the new policies were: (i) a school-wide smoking ban, e.g. 'nobody is allowed to smoke anywhere on campus', and (ii) an explicit commitment on the part of the school to support an anti-smoking initiative, e.g. 'the school should guarantee nonacademic time, faculty and a budget for anti-smoking health education and student activities'.
School environments (school level). 'No-smoking' signs were posted on campus to reinforce the anti-smoking school policies. In addition, two versions of antismoking advertisements were posted on the walls of school buildings, including one showing a famous Chinese gymnast crushing cigarettes.
Cigarette sales to minors (community level). To reduce cigarette availability, we attempted to reduce sales of cigarettes to minors in the area surrounding the intervention schools. With the help of community leaders, we educated the owners of four grocery stores near school B not to sell cigarettes to students (e.g. the sale of single or unpacked cigarettes) and secured commitments from them to abide by this policy. We were unable to implement this intervention component in stores around private school D, due to the hesitation of school administrators.
Educational self-help pamphlets (individual-level). We delivered four-page anti-smoking pamphlets to students, their parents and teachers. Based on the pamphlet and other smoking-related information they found on the Internet, students created an information area about smoking and health on the blackboard in each classroom.
Stage II (1 March 2005 to 31 May 2005)
Textbook (individual level). We edited and distributed a 20-page anti-smoking textbook including information on the history of tobacco, harmful ingredients in tobacco, consequences of adolescent smoking, coping strategies for anxiety and depression, resistance skills for handling peer pressure to smoke, tips for smoking cessation and information on 'World No Tobacco Day'.
Health curriculum (individual level). School nurses and health education teachers attended an 8-h training workshop conducted by project investigators and health education experts and then implemented the anti-smoking health curriculum, which included: (i) a lecture on short-term and long-term consequences of smoking; (ii) a film that included interviews with patients who had smoking-associated illnesses; (iii) an animal experiment demonstrating the biological effects of the harmful ingredients in tobacco; 33 (iv) a panel discussion on the health impacts of smoking and anti-smoking experience among a health educator (instructor), an adult ex-smoker and two students (a current smoker and a non-smoker); (v) use of role play scenarios to demonstrate and practise resistance skills for handling peer pressure; and (vi) discussion of coping strategies for anxiety and depression.
International anti-smoking events (individual and school level). A large educational poster promoting the enforcement of the World Health Organization's Framework Convention on Tobacco Control (27 February 2005) was posted in the schools. We also held a school-wide ceremony for the '18th World No Tobacco Day' (31 May 2005) and exhibited photographs of tobacco-related diseases and actual pathological organs to realistically demonstrate the negative health effects of smoking. After the ceremony, students were encouraged to sign a public commitment not to smoke.
Stage III (1 September 2005 to 30 November 2005)
Parental interventions (family level). We sent a formal letter to students' parents, pointing out the adverse consequences of smoking on adolescents, parental influences on adolescent smoking and the importance of parental participation. Attached to the letter was a pre-printed contract to create a smoke-free family. 34 Briefly, this contract required parents to not smoke at home, try to quit smoking, reduce access to cigarettes at home, limit children's spending money, communicate with children about not smoking, supervise their smoking behaviours and assist students in refusing cigarettes. The contract also listed the student's responsibilities (e.g. say 'no' to offered cigarettes, persuade and help smoking parents to quit). The signed contract was posted at home.
Peer education section 1 (peer level). In each intervention school classroom, a contest was held for selecting the best anti-smoking essays and presentations. The best three from each class got rewards and the winner became the candidate for a school-wide contest.
Stage IV (1 March 2006 to 31 May 2006)
There were two booster anti-smoking interventions at this stage.
Peer education section 2 (peer level). A contest was held in which students competed to make the best anti-smoking posters at both the classroom and school levels. The best products were framed and hung on the walls of the school buildings.
Media advocacy (population level). We invited 'Guangzhou Television' and 'Yangcheng Evening Newspaper' to report the school-wide ceremony and student signatures for not smoking on 19th World Day of No Smoking (31 May 2006) . This special anti-smoking news report also covered the exhibition of student-made posters, the animal experiment and interviews of students and project investigators.
Control schools
The above interventions were not implemented in the two control schools (Schools A and C). Instead, students received their standard once-a-year health curriculum (45 min, mainly about smoking-related knowledge); the health textbook included had a brief (3-page) chapter on smoking. Control schools also held some celebration activities on the Word Day of No Smoking, including a brief ceremony and anti-smoking posters. Neither control schools had smoking policies that banned teachers from smoking outdoors. Sparse ''no-smoking'' signs could be observed on campus. It should be noted that some students in control schools might have been unintentionally exposed to some of the active intervention components, such as anti-smoking print materials and descriptions of the animal experiment through discussion with peers or siblings, or through reports on television or in the newspaper.
Evaluation

Process evaluation
The reach, intended dose and received dose of intervention activities were measured with student questionnaires and focus group discussions. The fidelity (frequency and quality) of the health curriculum and other interventions was recorded by school teachers and directly observed and assessed by research assistants during regular field visits. The process evaluation for the 1-year interventions (Stages I, II and III) has been published elsewhere. 35 Briefly, we conducted 20 intervention activities, distributed 5636 anti-smoking pamphlets and textbooks, posted 151 anti-smoking posters and signs, collected 123 samples of prized student products (essays and posters) and received confirmations of 950 smoke-free family signed contracts.
Outcome evaluation Outcome analyses (described below) focused on changes in students' active smoking behaviours (primary outcomes), and smoking-related knowledge and attitudes (mediators/secondary outcomes).
Outcomes
We followed up students before they graduated from junior high school. As a result, both Cohort I and Cohort II students participated in the baseline survey (pre-test) in 2004 and the 1-year follow-up survey (1st post-test) in 2005. Only Cohort I students participated in the 2-year follow-up survey (2nd post-test) in 2006. In each survey, participants completed 30-min self-administered questionnaires in classrooms under the supervision of well-trained research assistants (medical students). In order to reduce report bias, school administrators and teachers were absent during the survey. We emphasized to students that the data would only be available to the researchers and that confidentiality would be assured. The questionnaire included information about students' demographics, smoking environments, smoking-related knowledge, attitudes towards smoking and smoking behaviours.
The detailed questions and scoring methods used for measuring smoking-related knowledge and attitudes have been published elsewhere. 36, 37 Briefly, smokingrelated knowledge was measured by 20 questions with 'Yes/No' responses about tobacco ingredients, smoking-associated diseases and other facts about smoking. The total knowledge score (a sum of correct responses) theoretically ranged from 0 to 20 points, with higher scores indicating more smoking-related knowledge. Smoking-related attitudes were measured by a 16-item standardized instrument with 5-point Likert-type responses. The total attitude score (a sum of the 16 items) theoretically ranged from 16 to 80 points, with higher scores indicating stronger anti-smoking attitudes. Our factor analysis and reliability analysis 37 demonstrated high internal consistency (Cronbach's ¼ 0.86) and stability over time (test-retest correlation of a time interval of 2-3 weeks ¼ 0.67). Students' cigarette smoking behaviours were measured by two self-reported questions: (i) 'Have you ever tried cigarette smoking, even just 1 or 2 puffs?'; (ii) 'Have you ever smoked cigarettes regularly, that is, at least 1 cigarette every week for 3 months?'. Non-smoking was defined as 'No' to question 1; ever smoking was defined as 'Yes' to question 1; experimental smoking was defined as 'Yes' to question 1 but 'No' to question 2; and regular smoking was defined as 'Yes' to question 2. Using these definitions, 'ever smoking' included both experimental and regular smoking.
Statistical analysis
The baseline characteristics were compared between groups using Chi-square tests (categorical variables) and t-tests (continuous variables). We calculated 1-and 2-year change in the outcome measures (prevalence/score) from the baseline to follow-ups. The effect size (Cohen's d) was defined as the difference in the change of prevalence or mean scores between the intervention and control groups divided by the pooled standard deviation. 38 In order to distinguish primary and secondary prevention effects, we stratified participants by their baseline smoking status and examined the transition of smoking status during follow-ups.
12,39 Primary prevention was defined as preventing the initiation of smoking (from non-smoking to ever smoking), and secondary prevention was defined as preventing escalation from experimental smoking to regular smoking. 12 We estimated the odds ratio (OR) and 95% confidence interval (CI) for the transition of smoking status between the intervention and control groups. Although groups were found to be comparable on key variables, we were concerned that the small number of randomized clusters might not have been sufficient to yield completely equivalent groups. Therefore, we adjusted analyses for potential confounders that had been found to be associated with adolescent smoking in the literature. 8, 19, [26] [27] [28] 40 Specifically, in the analysis of transition from non-smoking to ever smoking, we adjusted for the effects of student gender, age, peers' weekly smoking, father's weekly smoking, class-level smoking prevalence and chief teacher's weekly smoking within each cohort (I or II). Student grade, rather than age, was adjusted in the total sample (cohorts I and II) because age and grade were highly correlated and grade is a stronger predictor for adolescent smoking. Sibling's smoking was not included in the model because most students had no siblings due to one-family-one-child policy. In the analysis of transition from experimental to regular smoking, we adjusted for the effects of all of these potential confounders when analysing the total sample. When analysing the data within each cohort, we only adjusted gender and age due to reduced statistical power in these smaller subsamples. The interaction terms between intervention and grade or school type were not included, as they explained negligible variance in the outcomes. For the purpose of this analysis, we did not adjust for smoking-related knowledge or attitudes or specific intervention activities, because they might be mediating variables.
Generalized estimating equations (GEEs) and mixed effects regression models are two common analytic methods for cluster randomized trials. 41 They have different interpretations and requirements for the number and size of clusters. 42 The sandwich estimator of GEE is biased downward when the number of clusters is below 40. 43 We selected mixed-model regression in current analysis, because the number of clusters in this study was very small (four schools) but the cluster size was large. Since programmes were randomized at the school-level and most interventions were delivered at the class-level, we used SAS GLIMMIX procedure to fit the three-level logistic regression mixed-model in which schools and classes were treated as clusters and sub-clusters, respectively, through specification of random effect. Ignoring school or class level would lead to underestimated standard errors. 44 Because all smoking behaviour measures were dichotomous variables, the models were specified with a logit link function and binomial distribution. We conducted the main analysis in the school-type-combined sample and the sub-analysis by school type (public vs private). Besides the above complete-case analysis, we also conducted two types of sensitivity analysis to evaluate the impact of attrition: (i) 'last-observation-carried-forward' in which the smoking status of students lost at follow-ups was imputed with the last available observation; (ii) all missing smoking status at follow-ups was imputed with regular smoking. The software of SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) was used for all statistical analysis.
Sample size
The sample size (a priori) was calculated at the student level without taking between-school variation into account. We used the usual formula for binary outcomes
where p 1 and p 0 were the expected prevalence of smoking among the intervention and control group at 1-year follow-up, respectively. Assuming Type I error ¼ 0:05 and the power level 1À ¼ 0:8, about 300 students per group (intervention or control) were required for each cohort to detect a small effect size 38 of 0.23 which was equivalent to a difference of 9% in the prevalence of ever smoking (25% control vs 16% intervention) or a difference of 6% in the prevalence of regular smoking (10% control vs 4% intervention) at 1-year follow-up. In addition, we conducted post hoc power analysis for both assessing the school-level clustering in this study and planning future studies. First, we used the method proposed by Zou et al. 46 to obtain unadjusted Flesiss-Cuzick estimators of the intra-class correlation coefficients (ICCs) and 95% CIs for binary outcomes (ever and regular smoking) among students within the same school at both baseline and 1-year follow-up. Secondly, we calculated the number (n) of schools per group (intervention or control) with the commonly used formula for binary outcomes in cluster randomized trials. 47 
Results
Characteristics of the baseline sample The baseline sample consisted of 2343 students (94.9% of the invited school population), with 1169 being 7th grade students (95.7% of the invited 7th grade students) and 1174 being 8th grade students (94.0% of the invited 8 th grade students). There were slightly more boys (52.1%) than girls (45.9%), and 2.0% did not report gender. The students' ages ranged from 11 to 16 years, with a mean age of 13.4 years. At baseline, 19.9% of students (29.1% of boys; 8.8% of girls) reported ever smoking and 4.5% (7.9% of boys; 0.7% of girls) reported regular smoking. The school size (number of classes or students) was larger in public schools than private schools.
Follow-up of participants
Overall, students in the intervention groups were more likely (P < 0.001) than those in the control groups to complete the follow-ups (Figure 1 ). For Cohort I, 88.6 and 83.2% of participants in the intervention group (N ¼ 650) completed 1-and 2-year follow-ups, respectively. The corresponding proportions in control group (N ¼ 519) were 70.7 and 61.3%. For Cohort II, the 1-year retention proportion was 90.9% in the intervention (N ¼ 689) and 73.6% in control group (N ¼ 485). There were no apparent differences (P40.05) in gender or age between full and retained samples in follow-ups, except for the Cohort II control group in which males were more likely (P ¼ 0.042) to drop out than females. Students reporting ever smoking and regular smoking at baseline were more likely (P < 0.05) than non-smokers to drop out in 1-year follow-up.
Comparability between intervention and control groups at baseline Table 1 shows baseline characteristics of schools, classes and participants who completed all follow-ups. Overall, there were no substantial differences (P40.05) in gender or age between intervention and control groups. In Cohort I, the baseline prevalence of ever (P ¼ 0.574) and regular smoking (P ¼ 0.949) was comparable between intervention and control groups. In Cohort II, however, the control group had a higher baseline prevalence of regular smoking than the intervention group (5.6 vs 2.2%; P ¼ 0.006). The class size (number of students per class) was larger in the intervention group than the control group (P < 0.05).
Change in knowledge and attitude scores
In all groups, students' mean scores on smokingrelated knowledge were higher (P < 0.05) at follow-up than at baseline ( Table 2 ). The increase in mean knowledge scores from baseline to 1-year follow-up was greater in the intervention groups than in the control groups (2.81 vs 1.84 in Cohort I, P < 0.001; 2.46 vs 1.29 in Cohort II, P < 0.001). The intervention-control differences in mean score changes in the two private schools (3.52 in Cohort I; 4.21 in Cohort II) were greater than in the two public schools (0.37 in Cohort I; 1.41 in Cohort II). Additionally, in Cohort I, the intervention-control difference in 2-year change (0.47) of mean scores was smaller than the intervention-control difference in 1-year change (0.97). The effect sizes of intervention on knowledge scores in subgroups of different cohorts, school type and follow-ups (1-vs 2-year) ranged from 0.06 to 4.79, consistent with the intervention-control differences in the changes in mean scores.
However, there were minor changes (lowest, À1.12; highest, 0.08) in attitude scores in the total sample or subgroups (data not shown) from baseline to follow-ups, relative to the mean scores at baseline (lowest, 67.41; highest 68.96). Moreover, the differences in the change in attitude mean scores were very similar (P40.05) for the intervention and control groups.
Change in smoking prevalence
Overall, the prevalence of ever and regular smoking continuously increased during the follow-ups (Figures 3 and 4) . For Cohort I students, the intervention group had similar increases (1-year increase, 6.1%; 2-year increase, 12.0%) in ever-smoking prevalence (P ¼ 0.546 and 0.827, respectively) to those of the control group (1-year, 5.0%; 2-year, 11.3%). For Cohort II students, however, the intervention group had a smaller 1-year increase (7.4%) in ever-smoking prevalence (P ¼ 0.011) than the control group (12.3%). Public schools had a greater interventioncontrol difference (À5.5%) in the 1-year increase than private schools (À2.0%), consistent with the effect sizes (À0.19 vs À0.06).
Among Cohort I students, the increases in regular smoking prevalence in the intervention group were lower than in the control group (1-year, 1.5 vs 2.8%, P ¼ 0.206; 2-year, 4.8 vs 9.7%, P ¼ 0.007). Among Cohort II students, similarly, the 1-year increase of regular smoking prevalence in the intervention group was lower than in the control group (3.2 vs 8.7%, P<0.001). Public schools also had greater intervention-control differences in the increases in regular smoking prevalence than private schools. Tables 3 and 4 show multi-level logistic regression (generalized linear mixed models) on the transition of smoking status among students who completed all follow-ups. In Cohort I, the proportions of baseline non-smokers who became ever smokers at follow-up were similar (P ¼ 0.634 and 0.986, respectively) between control groups (1-year, 5.8%; 2-year, 13.1%) and intervention groups (1-year, 7.2%; 2-year, 13.5%) ( Table 3) . In Cohort II, however, the corresponding proportion of new ever smokers at 1-year follow-up in the intervention groups was lower than in the control groups [8.6 vs 15.2%; unadjusted OR 0.51 (95% CI 0.29-0.92), P ¼ 0.026; adjusted OR 0.60 (95% CI 0.35-1.06), P ¼ 0.077]. In the total sample (Cohort I and Cohort II) (Table 4) , the intervention programme did not reduce the probability of non-smokers' initiating smoking [1-year, 7.9 vs 10.6%; unadjusted OR 0.72 (95% CI 0.44-1.16), P ¼ 0.178; adjusted OR 0.86 (95% CI 0.54-1.38), P ¼ 0.538).
Transition of smoking status
In Cohort I, the proportions of baseline experimental smokers who escalated to regular smoking at follow-up were lower (P ¼ 0.100 and 0.128, respectively) in the intervention groups (1-year, 7.6%; 2-year, 22.6%) than in the control groups (1-year, 20.0%; 2-year, 40.0%) ( Table 3) . In Cohort II, the proportion of baseline experimental smokers who escalated to regular smoking at 1-year follow-up was 8.1% in the intervention groups, but as high as 17.0% in the control groups (P ¼ 0.732). In the total sample 
Post hoc power analysis
The school-level unadjusted ICCs of ever and regular smoking among the total sample (cohort I and cohort II) at baseline were 0.017 and 0.004, respectively. The corresponding values at 1-year follow-up were 0.015 and 0.011. Assuming the average number of students per school being 500, the design effects at 1-year follow-up were 8.50 (ever smoking) and 6.32 (regular smoking). With Type I error of 0.05 and the power level of 0.8, the randomization of intervention at school level would require six or four schools per group with ever smoking or regular smoking as the outcome, respectively, to detect the hypothesized differences in the a priori calculation of sample size. The prevalence of regular smoking (%) Figure 3 The prevalence of ever and regular smoking among cohort I students who completed follow-ups PREVENTION PROGRAMME ON ADOLESCENT CIGARETTE SMOKING
Discussion
Summary of main results
In this school-based intervention programme, we integrated a socio-ecological framework and the PRECEDE-PROCEED model to prevent smoking among Chinese adolescents. Findings showed that this multi-level intervention programme improved students' smoking-related knowledge, and reduced the probability of escalation from experimental to regular smoking over a 2-year follow-up period, compared with students from matched control schools who had received the standard health curriculum. However, the intervention programme had little effect on students' attitudes towards smoking, and it did not reduce the probability of smoking initiation.
Study design
The generalizability of the cross-sectional results from this study should be interpreted with great caution, because only 4 out of 18 junior high schools were selected (not randomly) from a single district of Guangzhou City. The prevalence of smoking in our baseline sample was quite different from the most recent national data for Chinese adolescents aged 13-14 years in the urban area (ever smoking: boys 36.8%, girls 14.4%; regular smoking: boys 5.1%, girls 0.7%). 4 The students in the full and retained samples were fairly comparable in terms of baseline demographics, but smokers at baseline were more likely to drop out during follow-ups, consistent with previous studies on adolescent smoking prevention. 12, 48 Cohort I students in the intervention and the control group were comparable regarding baseline demographics and smoking behaviours, which strengthened the conclusion of intervention effects in this Cohort. For Cohort II students, however, the baseline regular smoking prevalence in the control group was higher than in the intervention group, which might threaten internal validity. But this may be a less serious problem in our analysis on the changes in outcome measures from baseline, instead of the absolute prevalence in follow-ups.
Primary vs secondary prevention on smoking behaviour At both 1-and 2-year follow-ups, we observed moderate differences in the prevalence of regular smoking between the intervention and the control group, but only small differences in the prevalence of ever smoking. In multi-level logistic regression models, the interventions had no effect on the probability of smoking initiation, but did reduce the probability of escalating from experimental to regular smoking. Taken together, our intervention programme demonstrated effects for the secondary prevention of adolescent smoking, but not for the primary prevention, which was consistent with a previous school-based programme targeting Chinese adolescent smoking. 12 These differential effects on primary vs secondary prevention can be explained by the stage model of adolescent smoking in which the transitions between non-smoking, experimental smoking and regular smoking are influenced by different sets of personal and environmental factors. 26, 49 Researchers have postulated that the transition from non-smoking to experimental smoking is mainly influenced by personal factors such as personality (e.g. risk taking), smoking-related knowledge and attitudes/beliefs towards smoking, and interpersonal factors such as peer influence, parental smoking and sibling smoking. 26, 40, 50 In contrast, the transition from experimental smoking to regular smoking is more sensitive to environmental factors such as school policies, supervision from teachers and parents, cigarette availability and social norms. [26] [27] [28] Thus, our intervention programme may have been more effective in modifying the environmental factors than the personal factors. Figure 4 The prevalence of ever and regular smoking among cohort II students who completed follow-up Table 3 Three-level logistic regression (generalized linear mixed model) on the transition of smoking status among students who completed follow-ups (by cohorts and follow-ups) OR, odds ratio; CI, confidence interval.
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Chi-square test P < 0.01.
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Smoking-related knowledge and attitudes Students' smoking-related knowledge increased substantially over the 2 years of follow-up, with a greater increase in the intervention group than in the control group. For smoking-related attitudes, however, neither apparent changes nor intervention-control differences were observed. In line with a previous study, 51 these findings suggest that attitudes are more stable than knowledge and perhaps more resistant to modification by school-based interventions. But it is also possible that the intervention had an effect on smoking-related attitudes that was not measured by the specific attitude questions that we used. Further research could be done with different attitude measures. Other studies suggest that attitudes play an important role in the initiation and maintenance of self-motivated smoking, 52, 53 especially for older adolescents who are more independent from the school environment and parental supervision. With no substantial change in attitudes, the inhibiting effect on the escalation from experimental to regular smoking is likely to diminish over time, as school and parental constraints on smoking are reduced. 51 
Diminishing intervention effects?
The phenomenon of diminishing intervention effects on adolescent smoking has been reported in some studies with long-term follow-up. 54, 55 In our study, the effect on smoking-related knowledge of Cohort I students did diminish during the second year of follow-up: however, diminution was not observed for the inhibiting effect on regular smoking in the same cohort. Instead, the 2-year effect size was greater than the 1-year effect size among public school students. This may be due to the effect of booster interventions conducted in the second year. 
Public vs private schools
The effect size of smoking-related knowledge among public school students appeared smaller than among private school students, mainly due to the simultaneous improvement in the public control school. This suggests that the intervention had little added effect on smoking-related knowledge beyond the existing health education in public schools. Another implication is that current private schools may provide inadequate smoking-related knowledge to their students. Given our findings, therefore, adding to or intensifying the existing anti-smoking health curriculum in private schools can effectively improve their students' smoking-related knowledge. Interestingly, in contrast, we observed a greater effect of interventions on preventing smoking behaviours in the public school B than in the private school D.
7th grade vs 8th grade Students' grade level modified intervention effect on both smoking-related knowledge and smoking behaviour; both effects seemed greater in Cohort II (8th grade) than in Cohort I (7th grade). These grade differences were consistent with a meta-analysis in which the pooled intervention effect size was greater for higher grade students than lower grade students. 56 In the future, more in-depth formative research could be conducted with 7th grade students to determine the intervention activities that are most likely to be effective.
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Comparisons with other studies Given the culture-and policy-specific generalizability of intervention, we only compare our study with three previous well-designed school-based programmes among Chinese students published in English journals. Despite considerable variation in study design, all three studies, like ours, incorporated a smoking prevention curriculum into school health education and followed up students for at least 6 months to assess changes in self-reported outcomes. The curriculum of all studies included knowledge on smoking consequences and refusal skills, but the first programme 14 additionally implemented smoking-control school policies and encouraged the role modelling of teachers. The second programme, 12 Wuhan Smoking Prevention Trial (WSPT), tried to create non-smoking social norm among peers. The third programme, 13 Stay Away from Tobacco (SAFT), focused on students' misperception of smoking values (e.g. friendship, popularity and maturity) and skills to resist tobacco advertisements. Our programme delivered the most comprehensive intervention which covered most of preventive strategies in first programme and WSPT. Our results on the increase in students' smoking-related knowledge were consistent with the first programme, 14 whereas the results on the transition of students' smoking behaviour were more similar to WSPT. 12 The SAFT programme 13 seemed to be most effective, possibly because (i) it might succeed in changing students' attitudes towards smoking and (ii) students in this small pilot study could receive intensive attention and individually tailored intervention.
Strengths
This study has several strengths. As a cluster randomized controlled trial, it is one of few well-designed 'school-based smoking prevention programmes targeting adolescents in Mainland China, and can contribute to the rare English literature in this field. To our knowledge, it is also the first study to apply the socio-ecological framework and the PRECEDE-PROCEED model to prevent smoking among Chinese adolescents. Diverse multi-level intervention components were combined to increase intervention effectiveness. We incorporated some innovative yet feasible intervention components that deserved further testing and replication, including the demonstration of animal experiments, the signature of a public commitment not to smoke, smoke-free family contracts and communication with neighboring stores that sold cigarettes. Two years of follow-up allowed us to examine the potential time-varying effect of interventions. The use of generalized linear mixed models accounted for the clustering effects at both school and class level. The post hoc estimated ICC and design effect in our study, along with those reported in a previous cross-section study, 57 could be valuable information for planning future school randomized trials in China. Finally, we distinguished primary and secondary prevention outcomes in the analyses, which provided insight for modifying interventions and refining theoretical frameworks in the future.
Limitations
Both the external and internal validity of this study could be threatened by several limitations. We only recruited four schools for randomization and had not considered between-school variation in the initial calculation of sample size. The post hoc power analysis indicated that the number of enrolled schools was only one-third to one-half of the required number for detecting a small effect size given the observed ICC. To ensure sufficient statistical power in future school-based studies, a priori power analysis should consider ICC when determining sample size requirements. The study site, Huangpu District, is characterized by a higher prevalence of adolescent smoking than the average level in Guangzhou. Particular caution is needed for interpreting the results from the two sampled general-paid private schools, as they differ from high-paid private schools in various aspects. 36, 58 Our estimates of intervention effects in some subgroups might be biased, due to the differential attrition among some subgroups of participants (e.g. smokers). The protective effects of the intervention persisted in the sensitivity analysis, although the magnitude of estimated interventioncontrol differences were attenuated in the imputation of 'last-observation-carried-forward', while they were inflated in the imputation of all missing observations with regular smoking (data not shown). We did not assess psychometric properties of the measures for smoking-related knowledge and smoking behaviour. The reliance on self-reported data could introduce misclassifications of adolescent smoking 59 and was a major limitation of this study. Moreover, the under-reporting of smoking might be differential between the two groups (more in the intervention than the control group), 60 which could bias our estimate of intervention effect. Although evidence shows that self-reported measures of adolescent smoking have fairly high validity and reliability, 60, 61 particularly when confidentiality is assured, the confidence in our findings would have been enhanced by incorporating biochemical validation (e.g. test of urine cotinine). 60 The integration of the socio-ecological framework was not sufficient in this study, with little work on community-, populationand policy-level. levels. It should be noted that our interventions were only tailored at the school and class level. Individual differences in health knowledge, attitudes and skills might not have been adequately addressed using a school-based rather than an individually tailored intervention. In addition, the design did not permit the evaluation of individual intervention components within the multi-component intervention, though further analyses linking process and outcome evaluations at the individual level may suggest differential effectiveness of specific intervention components. Adolescents' gender could potentially modify the intervention effects, 62 but the statistical power in this study was insufficient for stratified analysis for males and females. Moreover, a 2-year follow-up was not long enough to evaluate the long-term effects of interventions. Finally, although being geographically distant from the two intervention schools (average distance was 13.4 km), students and their parents in the two control schools were still likely to be impacted by some of our interventions, e.g. TV news reports and newspapers. This type of contamination might have diluted the observed effect of interventions.
Conclusion
This school-based programme had a moderate effect on inhibiting the escalation from experimental to regular smoking among Chinese adolescents, which persisted during 2 years of follow-up. But the intervention had little effect on reducing the initiation of smoking. This programme improved adolescents' smoking-related knowledge, but did not change their attitudes towards smoking. A greater effect on smoking-related knowledge was observed in the private school, whereas a greater effect on preventing smoking behaviour was observed in the public school. The 8th grade students benefited more from this programme than did the 7th grade students. Future studies should refine intervention to prevent the initiation of smoking, enhance the changes in students' attitudes towards smoking, tailor intervention components to the younger (7th grade) students, and extend the follow-up time to evaluate longer term effects.
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